Introduction
Carbenicillin (disodium a-carboxybenzyl penicillin; Pyopen) has shown considerable promise in the treatment of infection with Pseudomonas aeruginosa. Not only is it effective in urinary tract infections but some success has been reported in the prevention and even the treatment of the much more difficult systemic infections caused by this organism (Brumfitt, Percival, and Leigh, 1967; Van Rooyen, Ross, Bethune, and MacDonald, 1967; Richardson, Spittle, James, and Robinson, 1968; Stratford, 1968) . We believe that bacteriological cure of a case of pseudomonas endocarditis has been achieved in this hospital with the drug.
In the past three months we have isolated an increasing number of strains of Ps. aeruginosa resistant to carbenicillin. The purpose of this report is to examine the likely reasons for this developing resistance and to suggest possible ways of minimizing it.
Materials and Methods
The strains reported were isolated over a period of three months in routine clinical laboratory work. Initial sensitivity tests were carried out by Stokes's (1968) method, on 5% lysed horse blood agar, a 100-,ttg. disc being used. A sensitive strain of Ps. aeruginosa (minimum inhibitory concentration for carbenicillin 32 ,ug./ml.) was used as the control organism.
Minimum inhibitory concentrations of the drug for strains showing increased resistance in the disc test were determined by use of a plate dilution technique. A light inoculum (1 in 1,000 dilution of an overnight broth culture) was tested on Oxoid Columbia agar by means of a multiple inoculating device. The minimum inhibitory concentrations of 45 sensitive strains isolated during the same period were also determined. The control strain was included with each batch of tests.
Habituation to carbenicillin of two sensitive strains of Ps. aeruginosa (la and 4a) was investigated in vitro. Serial transfers were performed daily for five days in 5-ml. volumes of tryptone soya broth (Oxoid) containing doubling concentrations of carbenicillin up to 1,024 /Lg./ml. The inoculum was one standard loopful (0 004 ml.) of the undiluted overnight culture. Minimum inhibitory concentrations for the parent strains and the final cultures were determined as above. In all but two of the 17 patients an antibiotic of the penicillin group had been given before the resistant organism appeared.
In five carbenicillin had been used and resistance was first seen during the course of treatment. In another seven the antibiotic used was ampicillin. In six of these seven patients the first strain of Pseudomonas isolated was highly resistant to carbenicillin, as it was in two others, one of whom had received benzylpenicillin with cloxacillin and the other methicillin. Even by the comparatively crude test of pyocine typing the strains were not all the same. Sensitive strains were isolated from six patients before resistance appeared; in four they were of the same pyocine type as the resistant strain isolated subsequently.
In the other two cases the resistant strain was of a different type and was isolated from a different site from that first involved. Among the resistant strains appearing de novo, type 10 was relatively common, but at least four other types were represented.
Of the two sensitive strains passaged in increasing concentrations of carbenicillin, the minimum inhibitory concentration for the drug increased at least 16-fold in one case and 32-fold in the other. In both cases it came to exceed 1,024 [g./ml. When the same strains were maintained in a constant concentration of carbenicillin (25 ftg./ml.) a fourfold rise in minimum inhibitory concentration occurred in one case and a 16-fold rise in the other. The corresponding increases with ampicillin were twofold and fourfold respectively. Increased resistance has been seen during treatment with carbenicillin, but otherwise resistant strains have appeared most commonly after treatment with other antibiotics, usually penicillins. When it occurred during carbenicillin treatment two mechanisms seemed to be operating. Inadequate dosage was not the sole cause, though this is a potent method of selection of resistant mutants, and the necessity for very large doses of this antibiotic for pseudomonal infections other than of the urinary tract does not appear to be widely enough known. In Cases 2, 3, and 4 the resistant organism was of the same pyocine type as the sensitive strain previously isolated, and resistant mutants, existing as a minority population, have probably been selected by low concentrations of the drug. In Case 4 the dose was clearly too low. In Case 3 it was felt to be adequate because of the small size of the patient, but may not have been. After doubling the do-le to 20 g. Case 2 had a blood carbenicillin level of 1,125 tig./ml. This would be considered more than adequate for the treatment of systemic infections and to prevent the selection during treatment of resistant mutants, some of which (Cases 3 and 4) show resistance of only a moderate order. Nevertheless, it raises another point-namely, how far are blood levels relevant to surface infection or contamination of skin lesions (for example, surgical wounds or pressure sores), particularly with highly resistant strains with minimum inhibitory concentrations in excess of 1,000 ttg./ml.
In the other two patients (Cases 1 and 5) the resistant organism was of a different pyocine type from that originally isolated and was present at a different site. In Case 1 it appeared in the sputum, another site where it may be difficult to achieve high levels of antibiotics in the absence of acute inflammation. In Case 5 successful treatment of a urinary infection with the lower dose regimen was followed by increased resistance of a different strain present in the patient's operation wound. Stratford (1968) reported an exactly similar episode.
The reason for the appearance of carbenicillin-resistant strains of Pseudomonas following treatment with other penicillins is not clear. Although we record 10 such cases, the majority following ampicillin, it is not an invariable occurrence. At least as many patients have acquired sensitive strains under the same circumstances. Preliminary experiments indicate that ampicillin is not an efficient agent for increasing resistance to carbenicillin in vitro. We are investigating penicillinase production of strains before and after passage in both carbenicillin and ampicillin. Garrod (1951) , however, reported the apparent stimulating effect of penicillin on Ps. aeruginosa, and our resistant strains may have followed a relatively non-specific selective action. Half the strains were of one pyocine type (type 10), and the two strains acquired during carbenicillin treatment were also of this type. Though these infections appeared over a short period in widely separated wards, crossinfection may have played a part but was not the sole explanation.
Ps. aeruginosa may infest a site without causing progressive infection. The possibility of eventual blood-stream invasion is worrying, and if not a hazard to the patient the organism constitutes a source of infection for others. The decision to treat or not to treat is a difficult one, and possibly it should more often be the latter. If systemic carbenicillin treatment is chosen nothing less than full dosage (20-30 g. daily) should be used except for urinary infections. Stratford (1968) 
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Blockade of /3-adrenergic receptors by propranolol in asthmatic subjects often causes wheezing and a pronounced decrease in vital capacity (V.C.) and forced expiratory volume in one second (F.E.V.1) (McNeill, 1964; Langer, 1967) . The effect of fl-blockade on the airways of normal subjects is less certain: Zaid and Beall (1966) found no change in F.E.V.1 after propranolol, and Marcelle et al. (1968) obtained the same result, using the interrupter method to measure airway resistance. On the other hand, McNeill and Ingram (1966) and MacDonald et al. (1967) , who used the more sensitive method of whole-body plethysmography, reported a significant increase in airway resistance in normal as well as asthmatic subjects after intravenous propranolol. This question is examined further in the present paper, in which the effects of propranolol on airway calibre of normal and asthmatic subjects are compared.
Subjects and Methods
Ten normal adults with no history or signs of chest disease and five asthmatic subjects were studied. The latter were all clinical students or junior medical staff who agreed to take part in the trial after being informed of the possible effects of propranolol on airway resistance in asthmatics. At the time of testing they were all symptom-free, had had no major attack of asthma for at least three months, and had a resting F.E.V.1 of more than 2 litres.
Airway resistance (Raw) and thoracic gas volume (Vtg) were measured by means of a constant-volume whole-body plethysmograph (DuBois et al., 1956a (DuBois et al., , 1956b . During the measurements the subjects performed shallow panting at about two breaths per second through a Fleisch pneumotachograph head, and flow and pressure signals were displayed as vector loops, the slopes of which were measured by visual alignment with a rotating Perspex disc mounted in front of the oscilloscope screen (Sterling, 1968) . Each value of Raw was derived from the average of five successive short periods of panting after the first two had been discarded. Vtg was measured by the method of DuBois et al. (1956a) during attempted gentle respiratory efforts made against a shutter occluding the airway at the mouth. After subtraction of 045 cm. H20/l./sec. for the resistance of the pneumotachograph head and mouth-piece, Raw was converted to its reciprocal, airway conductance (Gaw), and results are expressed as changes in the ratio:
Gaw =Specific airway conductance (SGaw).
Vtg
Experiments on each subject were done on two days, on one of which 10 mg. of propranolol in 10 ml. of 0 9% saline was injected intravenously, and on the other 10 ml. of saline alone. The order of the injections was varied, 7 out of 10 normal subjects and three out of five asthmatics receiving propranolol first. Raw and Vtg were measured at 15-minute intervals before and after the injections in order to assess spontaneous variability and not to miss any delayed responses. The tests were done " blind " in that the operator reading the vector slopes was not informed of the contents or order of the injections until the end of the study. The subjects were unable to distinguish between saline and propranolol, and were unaware of the order of injections. 
